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(57) ABSTRACT

A high-speed interface circuit 1s implemented 1n a semicon-
ductor memory chip including a memory core, a {irst inter-
face circuit section, and a second interface circuit section.
The first mterface circuit section 1s connectable to a write
data-/command and address signal bus, includes a write
data-/command and address re-driver/transmitter path
(which may be transparent) and does not include any clock
signal synchromzing circuitry, and a main write signal path
including a serial-to-parallel converting and synchronizing
device to synchronize with a reference clock signal received
write data-/command and address signals and delivering the
parallel converted write signals to the memory core. The
second 1nterface circuit section 1s connectable to a read data
bus and includes a transparent read data re-driver/transmitter
path for transmitting and re-driving received serial read data
to a succeeding semiconductor memory chip and a main
read signal path for inserting the parallel-to-serial converted
read data from the memory core 1nto the received serial read
data stream, synchromzing the parallel-to-sernial converted
read data with the reference clock signal and providing the
serialized read data stream to a sernial read data input
terminal of a corresponding second 1nterface circuit section

of a succeeding same memory chip or to a memory con-
troller.

32 Claims, 10 Drawing Sheets
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HIGH-SPEED INTERFACE CIRCUIT FOR
SEMICONDUCTOR MEMORY CHIPS AND
MEMORY SYSTEM INCLUDING
SEMICONDUCTOR MEMORY CHIPS

FIELD OF THE INVENTION

The present imvention relates to a high-speed interface
circuit, a semiconductor memory chip including the same
and to a memory system 1including such semiconductor
memory chips.

BACKGROUND

Recent developments 1n fast semiconductor memories are
leading to high-speed signal transmission rates of, for
example, up to 7 Gbit/second. These high signal transmis-
s10n rates require careful design considerations with respect
to the implementation of an appropnate topology and a
suitable design of interface circuits such that these high
signal transmission rates can be realized.

Future generations of memory systems will arrange the
memory chips in a chip cascade or chip chain which aims to
increase the attainable storage density. For this chaining of
the memory chips, serial high speed interface circuits are
required to include a repeater (re-driver) function.

The enclosed FIGS. 1A to 1D respectively show block
diagrams of different architectures of the arrangement of
semiconductor memory chips. FIG. 1A depicts a loop for-
ward architecture of, for example, four semiconductor
memory chips M1, M2, M3 and M4 on a memory module
MMOD, wherein rank 1 1s given to memory chip M1, rank
2 to memory chip M2, rank 3 to memory chip M3 and rank
4 to memory chip M4. Write-/command and address signals
WR/eCA are transmitted through a write data-/command
and address signal bus from a memory controller C to the
first memory chip M1 and from there to one or more of the
following memory chips M2, M3 and M4, and the read data
RD are transmitted separately through a read data bus from
one or more of the memory chips M1 to M4 to the memory
controller C.

FIG. 1B depicts another possibility of arranging the chain
of memory chips M1 to M4 on the memory module MMOD
in a shared loop for the write data-/command and address

signals WR/eCA and the read data signals RD.

Both architectures depicted in FIGS. 1A and 1B have
following common characteristics: the propagation time for
WR/eCA and RD 1s matched by the structure; the sum of the
propagation times 1s constant for each rank; read data RD of
cach rank iserts natively; and the system calibration 1s quite
simple.

FIG. 1C schematically shows a further architecture in
which four semiconductor memory chips M1 to M4 attached
on a memory module MMOD are arranged 1n a loop back
architecture, wherein the write data-/command and address
signals WR/eCA are transmitted via a write data-/command
and address signal bus to one or more of the four memory
chips M1 to M4 1n one direction (from the memory con-
troller C to the right) and the read data RD are transmitted
from one or more of the four memory chips M1 to M4 to the
memory controller C 1n the inverse direction (i.e., from right
to left in FIG. 1C).

Another possible topology, namely the star topology 1s
depicted i FIG. 1D. A first memory chip M1* on the
memory module MMOD 1s a dedicated master memory chip
and has a re-drive function for the write data-/command and
address signals WR/eCA on a write data-/command and
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2

address bus to the other memory chips M2 to M4 on the
memory module which are connected to the master memory
chip M1* 1n a star topology. The master memory chip M1*
must have a re-drive function for read data RD sent {from one
or more of the memory chips M2 to M4 for transmitting the
same to the memory controller C.

The fundamental characteristics of both topologies,
namely the loop back architecture shown 1n FIG. 1C and the
star topology shown in FIG. 1D are: the total propagation
time for the write data-/command and address signals and
for read data 1s different for each rank: read data insertion 1s
sophisticated; the total delay 1s depending on PVT; and the
system calibration is difficult.

FIG. 2 shows more details of a memory module MMOD

on which are attached four memory chips M1, M2, M3 and
M4 to which rank 1, rank 2, rank 3 and rank 4 are

respectively associated. The memory chips M1 to M4 are
arranged 1n a loop forward architecture and connectable to
a memory controller C (not shown). FIG. 2 schematically
shows that each memory chip M1 to M4 includes a first
interface circuit section I1 for recerving and transmitting
write data-/command and address signals from the memory
controller C through a write data-/command and address
signal bus to one or more of the memory chips M1 to M4,
and each first interface circuit section I1 includes a trans-
parent write data-/command and address signal re-driver/
transmitter path. Each memory chip M1 to M4 further
includes a second interface circuit section 12 connected to a
read data bus RD for transmitting read data signals from one
or more of the memory chips M1 to M4 to the memory
controller C. Also the second interface circuit section 12
includes a transparent read data re-driver/transmitter path.
FIG. 2 further shows a clock signal bus CLK for receiving,
for example, from the memory controller a clock signal CLK
(reference clock) and transmitting the same to a memory
core MCORE of each memory chip M1 to M4 and from each
of the memory chips M1, M2, M3 to the respectively next
adjacent memory chip.

As mentioned above for the loop forward architecture
shown 1n FIG. 1A, the propagation time of the write data-/
command and address signals WR/eCA and of the read data
signals 1s matched by the structure, the sum of the propa-
gation times 1s constant for each rank, the read data of each
rank inserts natively and the calibration of the system 1s
quite simple. The block diagram of FIG. 2 further shows that
the transparent signal path for write data-/command and
address signals WR/eCA and read data RD, respectively, are
tully transparent for the memory controller C. Further, the
memory controller cannot localize any arbitrary placement
of a memory chip on the line and each rank shows a tully
equal timing.

For a memory system design of a memory module as 1t 1s
shown 1n FIG. 2 there are the following objectives: same
propagation direction; same propagation delay for each
rank; same latency for each rank; no functional cause of
collision of read data; and the timing calibration at the
memory controller C should be simple.

SUMMARY

It 1s an object of the present mmvention to provide a
high-speed interface circuit which has a repeater/re-drive
function and can be implemented 1n semiconductor memory
chips having different architectures of their arrangement and
cascade connection on a memory module including, for
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example, a loop forward architecture as 1s depicted 1n FIGS.
1A and 2 and a loop back architecture as 1s depicted 1n FIG.
1C.

This and other objects are achieved 1n accordance with the
present invention by providing a high-speed interface circuit
implemented in a semi-conductor memory chip including a
memory core, the high-speed interface circuit comprising:

a first interface circuit section connectable to a write
data-/command and address bus and including:

a serial mput terminal to receive a serial stream of write
data-/command and address signals from a serial output
terminal of a corresponding first interface circuit sec-
tion of a preceding same memory chip or from a serial
output terminal of a memory controller, the serial input
terminal connected to:

a write data-/command and address re-driver/-transmit-
ter path configured for re-driving the serial stream of
write data-/command and address signals to a serial
output terminal thereof to be connected to a serial
input terminal of a corresponding first interface
circuit of a next same memory chip; and

a main write signal path arranged between the serial
input terminal and a parallel output terminal and
including serial-to-parallel conversion and synchro-
nization means for serial-to-parallel converting and
synchronizing with a reference clock signal the write
data-/command and address signals received at the
serial mput terminal and delivering the serial-to-
parallel converted and synchronized write data-/
command and address signals to the parallel output
terminal of the first interface circuit section and from
the parallel output terminal to the memory core; and

a second 1nterface circuit section connectable to a read
data bus and including:

a parallel read data mput terminal connected to the
memory core to receirve parallel read data from the
memory core;

a serial read data mput terminal connected to receive a
serial read data stream from a serial read data output
terminal of a corresponding second interface circuit
section of a preceding same memory chip and config-
ured for re-driving the received serial read data stream
through a read data re-driver/receiver path to a senal
read data output terminal of the second interface circuit
section; and

a main read signal path connected between the parallel
read data mput terminal and the serial read data output
terminal and having means for inserting the parallel-
to-serial converted read data read from the memory
core and received at the parallel read data input termi-
nal into the serial read data stream from the serial read
data mput terminal, synchronizing the serial read data
stream with a reference clock signal and providing the
serialized read data stream to the senal read data output
terminal connected via the read data bus to a serial read
data input terminal of a corresponding second interface
circuit section of a next same memory chip or to a serial
read data mput terminal of the memory controller;

wherein the first and second interface circuit sections
further include a reference clock receiving terminal to
receive the reference clock signal.

The above high-speed interface circuit can be 1mple-
mented 1 a memory system arranged in a loop forward
architecture or a loop back architecture, such as the archi-
tectures described above and depicted 1n FIGS. 1A, 1C and
2. When being implemented in semiconductor memory
chips of a memory system arranged in a loop forward
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architecture, the advantage of the present mvention resides
in the fact that the sum of latency of read signals and write
data-/command and address signals for each memory chip 1s
independent of the respective rank therecof. Further, the
control procedure by the memory controller 1s simplified.

However, when the high-speed interface circuit according,
to the mvention 1s implemented 1n semiconductor memory
chips 1n a memory system being arranged in a loop back
architecture, the latencies of the read and write signal paths
are different for each memory chip.

The high-speed interface circuit according to the mven-
tion can be principally operated by a tull speed clock, a half
rate clock, a third rate clock or a quarter rate clock. The latter
expressions “tull speed”, “half rate”, “third rate” and “quar-
ter rate” refer to a clock rate of a reference clock and its
relation to a basic system clock.

Preferably, the high speed memory interface circuit
includes i the wrte data-/command and address signal
re-driver/transmitter path of the first interface circuit section
a transparent write signal re-driving/transmitting device not
including a clock signal synchronizing circuit. Further, the
high-speed memory interface circuit preferably includes in
the read data re-driver/transmitter path of the second inter-
face circuit section a transparent read signal re-driving
transmitting device not including a clock signal synchroniz-
Ing circuitry.

Further, preferably the high-speed interface circuit
includes i the wrte data-/command and address signal
re-driver/transmitter path of the first interface circuit section
synchronized write signal re-driving transmitting and syn-
chronization means for synchronmizing the re-driven write
data-/command and address signals with the reference clock
signal. Further, the high-speed interface circuit also includes
in the read data re-driver/transmitter path of the second
interface circuit section synchronized read signal re-driver/
transmitting and synchronizing means for synchronizing the
re-driven read signals with the reference clock signal.

In one embodiment, the first interface circuit section
includes both the write data-/command and address signal
re-driver/transmitter path and further includes a first switch-
ing device arranged 1n the serial write data-/command and
address stream before the serial output terminal of the first
interface circuit section, wherein the first switching device
selectively switches between the transparent and the syn-
chronized write signal re-driver/transmitter means and 1s
controlled by an external control signal from the memory
controller or by a control signal included 1n the protocol of
the write data-/command and address signal stream.

Further, the second interface circuit section includes 1n the
read data re-driver/transmitter path both the transparent read
signal re-driving/transmitting means and the synchronized
read signal re-driver/transmitting and the synchronization
means, wherein first switching device 1s arranged before the
serial output terminal of the second interface circuit section,
and the first switching device that selectively switches
between the transparent and the synchronized read signal
re-driver/transmitter means 1s controlled by a control signal
included in the protocol of the write data-/command and
address signal stream or by an external signal from the
memory controller.

In another embodiment, the high-speed interface circuit
includes 1n the first iterface circuit section:

a bit synchronization unit arranged after the serial 1nput
terminal to sample and bit-synchronize the serial stream of
write data-/command and address signals according to the
reference clock signal;
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an even-odd bit alignment unit serially connected after the
bit synchronization unit and configured for buflering the
serial write data-/command and address signals synchro-
nized and sampled by the bit synchronization unit and
aligning the sampled even and odd signals synchronously
with the reference clock signal;

a serial-to-parallel converter unit serially connected after
the even-odd bit alignment unit and configured for convert-
ing the serial write data-/command and address signals
buflered and aligned by the even/odd bit alignment unit 1nto
a parallel data stream having an arbitrary data width; and

a data delivery FIFO-unit connected after the serial-to-
parallel converter unit at the parallel output terminal and
configured for delivering the parallel data stream to the
memory core synchronized with an internal clock rate of the
memory core and compensating for different data skews and
driits.

Preferably, in the first interface circuit section of the
high-speed interface circuit, the bit synchronization unit, the
even-odd alignment unit, the serial-to-parallel converter unit
and the data delivery FIFO-unit are respectively arranged to
supply the reference clock signal synchronized by the bat
synchronization unit with the serial write data-/command
and address signal stream to the respectively next of the
units together with each of the supplied write data-/com-
mand and address signals.

The first interface circuit section also preferably includes
a drift compensation FIFO-unit senially connected after the
even-odd bit alignment unit and configured for compensat-
ing phase drift of the even-odd bit aligned serial write
data-/command and address signals 1n synchronism with the
reference clock signal, and a 2:1-serializer senally arranged
alter the drnift compensation FIFO-unit. The bit synchroni-
zation unit and the even-odd bit alignment unit are respec-
tively arranged to supply the reference clock signal synchro-
nized by the bit synchromization unit with the serial write
data-/command and address signal stream to the respectively
next of the units together with each of the supplied write
data-/command and address signals.

Further, a data input of the serial-to-parallel converter unit
can be connected to an output of the dnift compensation
FIFO-unat.

Alternatively, a data mput of the serial-to-parallel con-
verter unit can be connected to an output of the even-odd bit
alignment unit.

In another embodiment, the first interface circuit section
turther 1ncludes:

a drnift compensation FIFO-umt serially connected after
the even-odd bit alignment unit and configured for compen-
sating phase drift of the even-ofl bit aligned serial write
data-/command and address signals 1n synchronism with the
reference clock signal;

a de-emphasis FIR-unit serially connected after the drit
compensation FIFO and configured for channel adaptation
to compensate for intersymbol interterence; and

a 2:1 senalizer serially connected after the de-emphasis
FIR -unait.

Preferably, the bit synchronization unit and the even-odd
bit alignment unit in this embodiment are respectively
arranged to supply the reference clock signal synchronized
by the bit synchronization unit with the serial write data-/
command and address signal stream to the respectively next
of the units together with each of the supplied write data-/
command and address signals.

Also 1n this embodiment, the data mput of the serial-to-
parallel converter unit 1s connected to an output of a drit
compensation FIFO-unit. Alternatively the de-emphasis
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FIR -unit and the drift compensation FIFO-unit are combined
and a data input of a serial-to-parallel converter unit is
connected to an output of the de-emphasizes FIFO-unat.

Advantageously the drift compensation FIFO-unit may
have a depth according to plural symbol sequences of the
serial write data-/command and address signals. In addition,
the de-emphasis FIR-umit can be switched on/off by an
external signal from the memory controller.

In a further embodiment, the second interface circuit
section includes in the main read signal path:

a read FIFO-umt arranged at the parallel read data input
terminal for adapting a data rate of data read from the
memory core to a clock domain of the second interface
circuit section;

a parallel-to-serial converter unit connected after the read
FIFO-unit and arranged to carry out parallel-to-serial con-
version of the read data and to convert their clock rate to the
clock rate of the reference clock;

a de-emphasis FIR-unit senally connected after the par-
allel-to-seral converter circuit and arranged to compensate
for intersymbol interference; and

a 2:1 sernializer serially arranged after the de-emphasis
FIR -unit.

The de-emphasis FIR-unit can be switched on/off by an
external signal from the memory controller. Further, the
de-emphasis FIR-unit 1s arranged to receive a reference
clock signal and supply the reference clock signal to the
parallel-to-serial converter unit, and the parallel-to-serial

converter unit 1s arranged to supply the reference clock
signal to the read FIFO-unit.

The read data re-driver/transmitter path of the second
interface circuit section includes a transparent read signal
re-driving/transmitting means not including any clock signal
synchronizing circuitry, and synchronized read data re-
driver/transmitting and synchronization means for synchro-
nizing the re-driven read signals with the reference clock
signal, and first switching device 1s arranged immediately
before the serial output terminal of the second interface
circuit section, the first switching device being controlled by
a control bit included in the protocol of the write data-/
command and address signals or by an external signal from
the memory controller for selectively switching between the
transparent and the synchronized read signal re-driver/trans-
mitter means. In addition, the synchronized read data re-
driver/transmitter and synchronization means further
includes:

e

a bit synchronization unit serially connected after the
serial read data mput terminal as the read data synchroni-
zation means configured for sampling and bit-synchronizing
the senal stream of read data with the reference clock signal;

an even-odd bit alignment unit serially connected after the
bit synchronization unit and configured for buflering the
serial read data signals synchronized and sampled by the bit
synchronization unit and aligning the same synchronously to
the reference clock signal;

a drift compensation FIFO-unit serially connected after
the even-odd bit alignment unit and configured for compen-
sating phase drift of the even-odd bit aligned read data
signals 1n synchronism with the reference clock signal;

a second switching device inserted between the drift
compensation FIFO-unit, the parallel-to-serial converter
unit and the de-emphasis FIR-unit of the main read signal
path and configured for switching over between the syn-
chronized re-driven read data signals and the parallel-to-
serial converted read data signals in synchromism with the
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reference clock signal and thereby inserting the parallel-to-
serial converted read data signals into the read data signal
stream;

the de-emphasis FIR-unit, the 2:1 serializer of the main
read signal path; and

the first switching device.

The bit synchronization unit and the even-odd bit align-
ment unit are respectively arranged to supply the reference
clock signal synchronized by the bit synchronization unit
with the serial read data stream from the serial read data
input terminal to the respectively next of the units together
with each of the supplied read data signals.

In this embodiment, the drift compensation FIFO unit and
the parallel-to-serial converter unit are arranged to belong to
the same clock domain.

As mentioned above, the clock rate of the reference clock
signal 1n the inventive high-speed interface circuit can be
one half of or one third of or one quarter of or equal to the
clock rate of a memory system clock.

In another embodiment of the present mvention, a semi-
conductor memory chip i1s provided including a memory
core and the high-speed interface circuit of the mmvention
comprising the features as described above. '

The memory
core of the semiconductor memory chip can be a dynamic
RAM-memory core.

According to still another embodiment of the present
invention, a semiconductor memory system includes a plu-
rality of semiconductor memory chips as described above
arranged on a memory module 1n the form of a cascade and
having different memory ranks and connected by a write
data-/command and address bus and a read data bus and 1n
a point-to-point fashion to the memory controller.

In this memory system, the semiconductor memory chips,
the write data-/command and address bus and the read data
bus can be arranged on the memory module and connected
to the memory controller in a loop forward architecture.
Alternatively, the semiconductor memory chips, the write
data-/command and address bus and the read data bus can be
arranged on the memory module and connected to the
memory controller in a loop back architecture. Further still,
the semiconductor memory chips, the write data-/command
and address bus and the read data bus can be arranged on the
memory module and connected to the memory controller in
a ring architecture.

The above and still further objects, features and advan-
tages of the present invention will become apparent upon
consideration of the following detailed description of spe-
cific embodiments thereof, particularly when taken 1n con-
junction with the accompanying drawings wherein like
reference numerals 1 the various figures are utilized to
designate like components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D depict principle arrangements of memory
chips in a memory system 1n a loop forward architecture, a
shared loop topology, a loop back architecture and a star
topology, respectively.

FI1G. 2 depicts a loop forward architecture of four memory
chips forming a cascade on a memory module as well as first
and second interface circuit sections forming high-speed
interface circuits each for recerving and transmitting a write
data-/command and address signal stream and a read data
signal stream as well as a clock signal path from and to a
memory controller.

FIG. 3 schematically depicts a functional block diagram
of an embodiment of a first interface circuit section to
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8

receive and transmit a write data-/’command and address
signal stream and arranged to include a transparent write
signal re-driving/transmitting path 1n accordance with a first
embodiment of a high-speed interface circuit section of the
present 1nvention.

FIG. 4 schematically depicts a functional block diagram
of a second imterface circuit section to receive and transmit
a read data signal stream and arranged to include a trans-
parent read data re-driver/transmitter path according to the
first embodiment of the mventive high-speed interface cir-
cuit of the present invention.

FIG. § schematically depicts a functional block diagram
of a first embodiment of first interface circuit section to
receive and transmit a write data-/command and address
signal stream and arranged to include both a transparent
write signal re-driving/transmitting path, not including a
clock signal synchronizing circuitry as well as a synchro-
nized write signal re-driving/transmitting and synchroniza-
tion device 1n accordance with a second embodiment of a
high-speed interface circuit of the present invention.

FIG. 6 schematically depicts a functional block diagram
of a second embodiment of a first interface circuit section to
receive and transmit a write data-/’command and address
signal stream and arranged so as to include both a transpar-
ent write signal re-driving/transmitting path not including a
clock signal synchromzing circuitry as well as a synchro-
nized write signal re-driving/transmitting and synchroniza-
tion device 1n accordance with the second embodiment of
the high-speed mterface circuit of the present invention.

FIG. 7 schematically depicts a functional block diagram
ol a third embodiment of a first mterface circuit section to
receive and transmit a write data-/command and address
signal stream and arranged so as to include both a transpar-
ent write signal re-driving/transmitting path not including a
clock signal synchronizing circuitry as well as a synchro-
nized write signal re-driving/transmitting and synchroniza-
tion device 1 accordance with the second embodiment of
the high-speed interface circuit of the present invention.

FIG. 8 schematically depicts a functional block diagram
of a fourth embodiment of a first interface circuit section to
receive and transmit a write data-/command and address
signal stream and arranged to include both a transparent
write signal re-driving/transmitting path not including a
clock signal synchromzing circuitry as well as a synchro-
nized write signal re-driving/transmitting and synchroniza-
tion device 1n accordance with the second embodiment of
the high-speed interface circuit of the present invention.

FIG. 9 schematically depicts a functional block diagram
of a second imterface circuit section to receive and transmit
a read data signal stream and arranged to include both a
transparent read signal re-driving/transmitting path not
including a clock signal synchronizing circuitry as well as a
synchronized read signal re-driver/transmitting and synchro-
nization device according to the second embodiment of the
inventive high-speed interface circuit of the present inven-
tion.

DETAILED DESCRIPTION

A first embodiment of the present invention 1s described
below with reference to FIGS. 3 and 4, where these figures
schematically depict functional block diagrams of a first
interface circuit section I1 for receiving and transmitting a
write data-/command and address signal stream WR_S and
connectable to a write data-/command and address bus (not
shown), and a second interface circuit section 12 for recerv-
ing and transmitting a read data signal stream and connect-
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able to a read data bus of a memory system (not shown).
Both the first and second interface circuit section I1 and 12
are designed to be implemented, for example, 1n semicon-

ductor memory chips M1 to M4 of a memory system as
described above and depicted 1n FIG. 2.

As depicted 1n FIG. 3, the first interface circuit section 11
includes a serial mput terminal WRS_IN for receiving a

serial stream of write data-/command and address signals
WR_S through a write data-/command and address bus (not
shown) from a serial output terminal (not shown) of a
corresponding {irst interface circuit section of a preceding
same memory chip or from a serial output terminal of a
memory controller (not shown). After passing a bulfler
circuit BUF, the serial stream of write data-/command and
address signals WR_S from the sernial mput terminal
WRS_IN branches into a main write signal path 10 and a
write data-/command and address re-driver/transmitter path
11 which, as shown in FIG. 3, includes a transparent write
signal re-driving/transmitting device symbolically depicted
as a buller circuit 17 which can be enabled/disabled by a
control signal CTRL from outside of the first interface
circuit section I1 (for example from the memory controller).
The transparent write signal re-driving/transmitting device
17 of the transparent write data-/command and address
re-driver/transmitter path 11 1s connected at its output to a
serial output terminal WRS_OUT that 1s connectable to a
serial input terminal of a corresponding first interface circuit
ol a next same memory chip M (not shown).

The serial stream of write data-/command and address
signals WR_S are fed from the builer circuit BUF through
the main write signal path 10 at first to a bit synchromization
unit (SYNC) 12 having the function of sampling and bit
synchromzing the serial stream of a write data-/comrnand
and address signals WR_S 1n accordance with a reference
clock CLK_retf(hr) received at a clock receiving terminal
CLK IN. An even bit write data-/’command and address
signal stream WR_S_even and an odd bit wrnte data-/
command and address signal stream WR_S_odd are respec-
tively fed from SYNC 12 to mputs of an even-odd bit
alignment umt (BAL) senially connected after SYNC 12.
Like the even-odd bit write data-/command and address
signal stream from SYNC 12, the reference clock signal
CLK_ret(hr) 1s fed from SYNC 12 to BAL 13 for aligning
the sampled even-odd write data-/command and address
signal stream synchronously with the reference clock signal

CLK_ret(hr).

Serially coupled after BAL 13 1n the main write signal
path 10 1s a serial-to-parallel converter unit (S/P) 14 con-
figured for converting the serial write data-/command and
address signals buflered and aligned by BAL 13 mto a
parallel data stream WR_P of write data-/command and
address signals. S/P 14 also recerves from BAL 13 the
reference clock signal CLK_ref(hr) (sync) synchronized
with the even-odd bit aligned wnte data-/command and
address signal stream WR_S and outputs the parallel data
stream WR_P of write data-/command and address signals
having an arbitrary data width. In main write signal path 10
following the serial-to-parallel converter 14 a data deliver-
ing FIFO-umit 15 (write FIFO) 1s connected with its output
to a parallel output terminal WR_P_OUT of the first inter-
face circuit section I1 and from there to the memory core
MCORE (not shown). The data delivery FIFO-unit 135 1s
configured for delivering the parallel data stream WR_P to
the memory core 1n synchronism with an iternal clock rate
of the memory core MCORE and for compensating for
different data skews and drifts.
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In the embodiment of the first interface circuit section I1
shown 1n FIG. 3, the clock rate of the reference clock signal
CLK-ref(hr) 1s one half of the clock rate of a memory system

clock (not shown) and the clock signal path includes a clock
bufler/divider (CLK_BUF/DIV 8) 16 dividing the half rate

reference clock signal CLK_ref(hr) by the number 8. The
reference clock signal path further includes a clock signal

bufler circuit 19. In dividing the half rate reference clock
signal CLK _ret(hr) by s, the divided reference clock signal

CLK-ref (1/3) has the clock rate of the memory core MCORE
so that the parallel write data-/command and address signal
stream WR_P at the parallel write signal output terminal
WR_P_OUT 1s synchronized by the data delivery FIFO-unait
15 with the mternal clock rate of the memory core, wherein
in the present example the internal clock rate of the memory
core MCORE 1s 4 of the clock rate of the half rate reference
clock signal CLK_ret(hr).

Notably, the first interface circuit section I1 depicted 1n
FIG. 3 does not show any decoding circuitry for decoding
which serial write data-/command and address signals
WR_S recetved at the serial mput terminal WRS_IN from
the memory controller C or from the previous memory chip
M are designated for the memory core of the present
memory chip and therefore delivered through the main write
signal path 10 or otherwise are re-driven through the trans-
parent write data-/command and address re-driver/transmit-
ter path 11 to the next memory chip M. Such decoding
circuitry 1s not in the high-speed interface circuit of the
present 1vention.

FIG. 4 schematically depicts the second interface circuit
section 12 of the first embodiment of the high-speed inter-
face circuit according to the invention. Differing from the
first interface circuit section I1 of FIG. 3, the second
interface circuit section 12 depicted in FIG. 4 mncludes a
device for inserting local read data from the memory core of
the present memory chip to the read data stream. That 1s, the
second interface circuit section 12 selectively drives the read
data signals to the next memory chip M or to the memory
controller C or inserts even read data signals from the
memory core of the present memory chip. The selection 1s
controlled either by a separate control signal CTRL1 as
shown 1n FIG. 4 supplied, for example, from the memory
controller C or by a control bit included 1n the protocol of the
write data-/command and address signal stream. The second
interface circuit section 12 according to the first embodiment
of the high-speed interface circuit as depicted in FIG. 4
includes a main read signal path 20 and a transparent read
data re-driver/receiver path 21 (TRANSP) as depicted by
broken lines 1 FIG. 4. The transparent read data re-driver/
transmitter path 21 includes a transparent bufler device 28
connected to a serial read data input terminal RDS_IN. The
serial read data mput terminal RDS_IN can be connected for
receiving a serial read data stream RD_S from a serial read
data output terminal of a corresponding second interface
circuit section of a preceding same memory chip M (not
shown). The transparent read data re-driver/transmitter path
of the second interface circuit section 12 does not include
any clock signal synchronizing circuitry.

Parallel read data from the memory core MCORE of the
present memory chip M 1s input through a parallel read data
input terminal RD_P_IN to the main read signal path 20. The
parallel read data RD_P received at the parallel read data
input terminal RD_P_IN are at first fed to a read FIFO-unit
22 and has an internal clock rate of a clock signal CLK (/%)
received from the memory core MCORE. Read FIFO-umt
22 1s configured for adapting the data rate of the parallel read
data R_P to an internal clock domain of the second intertace
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circuit section 12, the clock domain being determined by
doubling the clock rate of a half rate reference clock signal
CLK-ref(hr) recetved by a reference clock receiving termi-
nal CLK_IN and wvia a clock signal multiplying unit
(CLK_ML) 29.

The read FIFO-unit 22 feeds the parallel read data RD_P
having the data rate adapted to the internal clock domain to
a parallel-to-serial converter (P/S) 23 arranged 1n the main
read signal path 20 after the read FIFO-unit 22 for carrying,
out a parallel-to-serial conversion of the parallel read data
RP_P according to the doubled clock rate of the half rate
reference clock CLK_ref(hr) and feeds a serial read data
stream RD_S to a de-emphasis FIR-unit (FIR) 24 arranged
to compensate the serial read data stream RD_S ifor
intersymbol 1interference and through a 2:1 serializer 235
arranged 1n the main read signal path 20 after FIR 24 to a
first mnput of a switching circuit 26 configured for 1nserting
the parallel-to-serial converted read data read from the
memory core MCORE and supplied through the main read
signal path 20 into the serial read data stream RD_S supplied
through the transparent read data re-driver/transmitter path
21. As mentioned above, the switching device 26 can be
switched over either by an external control signal CRL1 as
depicted in FIG. 4 or by a control signal (not shown)
included 1n the protocol of the write data-/command and
address signal stream received from and supplied through
the first interface circuit section I1. From the output of the
switching circuit 26 either the serial read data RD_S fed
through the transparent read data re-driver/transmitter 21 or
the serial read data stream RD_S fed through the main read
signal path 20 are supplied through an output driver circuit
277 controllable by a second control signal CRTL2 to a serial
read data output terminal RD_S_OUT and from there either
to the next memory chip M (not shown) or to the memory
controller C (not shown).

FIR 24 1s connected 1n the main read signal path 20 as an
option for carrying out a pre-emphasis to compensate for
intersymbol iterference and that the FIR 24 1s not necessary
when there 1s no possibility of intersymbol interference.

As described above, the first embodiment of the present
high-speed interface circuit includes in the first interface
circuit section I1 only a transparent write data-/command
and address signal re-driver/transmitter path and in the
second 1nterface circuit section 12 only a transparent read
data re-driver/transmitter path.

In a second embodiment depicted 1n FIGS. 5 t0 9, the first
interface circuit section I1 includes both a transparent write
signal re-driver/transmitter path and a synchronmized write
signal re-driving/transmitting and synchronizing path, and
the second interface circuit section 12 includes both a
transparent read signal re-driver/transmitter path and a syn-
chronized read signal re-driver/transmitting and synchroniz-
ing path.

Regarding the transparent write data-/command and
address signal re-driver/transmitter path 11, the first inter-
tace circuit section I1 depicted in FIGS. 5 to 8 have the same
circuit construction as the above-described transparent write
data-/command and address signal re-driver/transmitter path
11 of the first interface circuit section I of the first embodi-
ment of the present high-speed interface circuit as shown in
FIG. 3. However the transparent write data-/command and
address signal re-driver/transmitter path 11 of the first inter-
tace circuit section 11 shown 1n FIGS. 5 to 8 1s not directly
connected to the serial output terminal WR_S_OUT but
connected to a first mput of a first switching circuit 116.

The main write signal path 10 of a first example of the first
interface circuit section I1 shown 1n FIG. §, 1n comparison
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with the main write signal path 10 1n the {irst interface circuit
I1 of FIG. 3, includes 1n addition to the units BUE, SYNC

12, BAL 13, S/P 14 and write FIFO 15 a drift compensation
FIFO unit 117 as well as a 2:1 sernializer 118, where each of
the units BUE, SYNC 12, BAL 13, S/P 14, write FIFO 185,
drift compensation FIFO-unit 117 and 2:1 serializer 118 are
connected between the serial mput terminal WRS_IN
receiving a serial stream ol wrte data-/command and
address signal from a serial output terminal of a correspond-
ing first interface circuit section of a preceding same
memory chip (not shown) or from the serial output terminal
of the memory controller (also not shown) and a parallel
output terminal WR_P_OUT which supplies the parallel
write data-/command and address signals to the memory
core MCORE (not shown).

The switching circuit 116 1s configured for switching over
between the transparent write data-/command and address
signal re-driver/transmitter path 11 and the synchronized
write signal re-driving/transmitting and synchromization
device including sync 12, BAL 13, drift compensation FIFO
117 and 2:1 senializer 118. The switching circuit 116 1s
controlled by a first control signal CRTL1 which may be
either an external signal from the memory controller or
included in the protocol of the write data-/command and
address signal. Connected to the output side of the switching
circuit 116 1s a controllable transmitter driver 18 controlled
by a second control signal CTRL2 for driving the serial write
data-/command and address signals via the serial output
terminal WR_S_OUT to a serial mnput terminal of a corre-
sponding {irst interface circuit of a next same memory chip
M (not shown).

Notably, S/P 14 converts the serial write data-/command
and address signal stream synchronized by BAL 13 and driit
compensated by drift compensation FIFO 117 and converts
the write data-/command and address signals at the output of
the drnift compensation FIFO 117 into the re-synchronized
parallel write data-/command and address signals with an
arbitrary data width. Write FIFO 13 has the function, as 1n
the embodiment of the first interface circuit section I1
depicted mn FIG. 3, to convert the parallel write data-/
command and address signals to the iternal clock rate of the
clock CLK(%) of the memory core MCORE (not shown).
Write FIFO 15 compensates for different data skews and
drifts. The 1nternal clock domain of the first interface circuit
section, as depicted i FIG. 5, 1s related to a double half rate
reference clock signal CLK_ref(2 hr) generated by a clock
signal multiplier (CLK_ML) 16 leased on the half rate clock
signal CLK_ref(hr) received at the clock signal input ter-
minal CLK_IN. SYNC 12 1s arranged to supply the half rate
reference clock signal CLK_ref(hr) to BAL 13, and BAL 13
1s arranged to supply the half rate reference clock signal
CLK_ret(hr) synchronized by SYNC 12 with the serial write
data-/command and address signal stream to the drift com-
pensation FIFO 117. Further the dnift compensation FIFO
117 1s arranged to supply the double half rate reference clock
signal CLK_ref(2 hr) to the 2:1 serializer 118, and S/P 14 1s
arranged to supply the double rate reference clock signal
CLK_ref(2 hr) to the write FIFO 15, respectively together
with each the supplied write data-/command and address
signals.

An alternative second example of the first interface circuit
section I1 1s depicted 1n FIG. 6 and differs from the previ-
ously described first example shown 1n FIG. 5 1n that S/P 14
1s not connected after the drift compensation FIFO 117 but
1s connected following BAL 13 so that the re-synchronized
parallel write data-/command and address signals

WR_P_RES data-aligned by BAL 13 are supplied to the
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memory core MCORE (not shown) by the write FIFO 15.
The second example shown 1 FIG. 6 1s advantageous as
having a shorter system latency of the write data-/command
and address signals.

FIG. 7 depicts a third alternative example of the first
interface circuit section I1 which differs from the first
example described above with reference to FIG. 5 1n that 1t
turther includes a finite 1impulse response unit (FIR) 119
inserted 1into the main write signal path 10 between the driit
compensation FIFO 117 and the 2:1 senalizer 1118. The FIR
119 1s used for channel adaptation to compensate for
intersymbol 1nterference. It 1s noted that FIR 119 1s only
necessary in cases where intersymbol interference may
occur. Therefore, FIR 119, if implemented in the first
interface circuit section I1, may be switchable on/off by a
corresponding ON/OFF switching signal.

FIG. 8 shows a fourth example of the first interface circuit
section I1 of the high-speed interface circuit according to the
invention. The fourth example of the first interface circuit 11
represents an advantageous development of the third
example of the first interface circuit section described above
and depicted 1n FIG. 7. Namely, signal latency within the
synchronized write data-/command and address signal re-
driver/transmitter path 10 can be reduced by combining FIR
119 and dnit compensation FIFO 117. This alternative
example 1s advantageous when FIR 119 1s based on an invert
and delay principle for the re-synchronized serial write
data-/command and address signal WR_S_ret because FIR
119, 1n the latter case, can be realized by a thip-flop. The
signal rating 1s carried out 1n output stages (not shown) of
FIR 119 either by parallel stages (not shown) or by switch-
able current sources (not shown).

The second interface circuit section 12 of the second
embodiment of the high-speed interface circuit, as depicted
in FIG. 9, includes both a transparent read data re-driver/
transmitter path 21 without including any clock signal
synchronizing circuitry and only a transparent bufler circuit
28 and a synchronized read signal re-driver/transmaitting and
synchronization path partly realized by the main read signal
path 20 and used for synchronizing re-driven serial read
signals RD_S with the half rate reference clock signal
CLK_ref(hr). First switching device 26 1s arranged, in a like
manner in the second 1ntertace circuit section 12 as depicted
in the first embodiment of the present high-speed interface
circuit of FIG. 4, before the serial output terminal
RD_S_OUT and controlled eirther by the external control
signal CTRL1 from the memory controller (not shown) C or
by a control signal included in the protocol of the write
data-/command and address signal stream. The first switch-
ing device 26 includes the function of selectively switching
between the serial read data transmitted through the trans-
parent read data re-driver/transmitter path 21 and the syn-
chronized re-driven read signals transmitted through the
main read signal path and synchronized by the re-driver/
transmitting and synchronization device. The synchronized
read data re-driver/transmitter and synchronization device
include as a part of the main read signal path 20 a bit
synchronization unit (SYNC) 32 connected after the serial
read data input terminal RD_S_IN and configured for sam-
pling and bit synchromizing the serial stream of read data
RD_S 1n accordance with the half rate reference clock signal
CLK_retf(hr), an even-odd bit alignment unit (BAL) 33
serlally connected after SYNC 32 and configured for buil-
ering a even-odd read data signal synchronized and sampled
by SYNC 32 and aligning the same synchronously to the
reference clock signal which 1s supplied from SYNC 32
together with the serial read data stream RD_S, a dnit
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compensation FIFO 34 sernially connected in sequence to
BAL 33 and configured for compensating phase shift of the
even-odd bit aligned read data signals in synchronism with
the half rate reference clock signal CLK_ref(hr) (sync) as
supplied and synchronized by BAL 33, second switching
device 35 iserted between P/S 23 and the de-emphasizes
FIR-unit 24 of the main read signal path 20 and configured
for switching over between the synchronized re-driven read
data signals and the parallel-to-serial converted read data
signals from the even memory core (not shown) 1in synchro-
nism with a double half rate reference clock signal CLK-
ref(2 hr) generated by a clock multiplying circuit 29. The
second switching device 35 inserts the parallel-to-serial
converted read data signal from the even memory core
MCORE 1nto the serial read data signal stream.

Read FIFO 22, P/S 23, FIR 24, 2:1 senializer 25, first
switching circuit 26, transmuitter dI‘lVE:I‘ 27 and a bufller/driver
28 of the second mterface circuit section 12 of FIG. 9 may
be respectively 1dentical and can respectively have 1dentical
functions as the corresponding umits of the second interface
circuit section 12 of the first embodiment of the present
high-speed interface circuit as depicted in FIG. 4. Likewise
the bufler circuit BUF, clock signal multiplying circuit 29,
SYNC 32, BAL 33 and dnift compensation FIFO 34 can
respectively be identical and have equal functions as the
corresponding units BUF, SYNC 12, BAL 13, driit com-
pensation FIFO 117 and clock multiplying circuit CLK_ML
16 included 1n the first interface circuit section I1 of the
second embodiment of the present high-speed interface
circuit as depicted in FIG. 6, with the exception that BUF,
clock multiplying circuit 29, SYNC 32, BAL 33 and drift
compensation FIFO 34 depicted 1n FIG. 9 are processing the
serial read data stream in the synchronized read data re-
driver/transmaitter path 20, while the units BUF, SYNC 12,
BAL 13, clock multiplying circuit 16 and drift compensation
FIFO 117 1n FIG. 6 are processing the serial write data
stream WR_S. Further, like the FIR 119 1n the first interface
circuit section I1 according to FIG. 7, the FIR 24 in the
second 1nterface circuit section 12 of FIG. 9 1s only neces-
sary for channel adaptation 1f intersymbol interference 1s
possible and can therefore be omitted or switched off by an
on/off signal ON/OFF when intersymbol interference cannot
OCCUL.

The reference clock signal of the first and second interface
circuit sections I1 and I2 of the first and second embodi-
ments of the present high-speed interface circuit received at
the reference clock receiving terminal CLK_IN is a half rate
reference clock signal CLK_ref(hr), the clock rate of which
1s one half of the clock rate of a memory system clock (not
shown). However, the clock rate of the reference clock
signal may also be one third or one quarter of the clock rate
of a memory system clock (not shown). Likewise, the clock
rate of the reference clock signal can be equal to the clock
rate of the memory system clock (not shown).

Preferably, the present high-speed interface -circuits
depicted i FIGS. 3 to 9 and described above are integrated
in a semiconductor memory chip which includes a memory
core and the present high-speed mterface circuit having one
or more of the features discussed above. The memory core
of this semiconductor memory chip may be a dynamic RAM
memory core.

Further, a plurality of semiconductor memory chips each
having such a high-speed interface circuit according to the
invention can be included i a semiconductor memory
system, where the memory chips are arranged on a memory
module 1n the form of a cascade of different memory ranks
and connected by a write data-/command and address bus
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and a read data bus 1n a point-to-point fashion to a memory
controller such as 1s depicted 1n FIG. 2. In this arrangement
of a semiconductor memory system the semiconductor
memory chips, the write data-/command and address bus
and the read data bus may be arranged on the memory
module and connected to the memory controller 1n a loop
torward architecture, in a loop back architecture or 1n a ring
architecture.

While the invention has been described 1n detail and with
reference to specific embodiments thereof, it will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof. Accordingly, 1t 1s intended that
the present invention covers the modifications and variations
of this invention provided they come within the scope of the
appended claims and their equivalents.

M, M1, M2, M3, M4

List of reference signs

semiconductor memory chips

MMOD memory module

C memory controller

WR/eCA write data-/command and address bus
RD read data bus

M1 * master memory chip

CLK clock

I1 first interface circuit section

12 second interface circuit section
MCORE ITIEIMOrY core

WRS__IN serial write signal mput terminal
WR__S serial write data-/command and address signal
CLK_IN reference clock mput terminal

CLK_ ref(hr)
BUF

half rate reference clock signal
buffer circuit

10 main write signal path

11 transparent write data-/command and address
signal redriver/transmitter path

SYNC 12 bit synchronization unit

BAL 13 even-odd bit alignment unit

S/P 14 serial-to-parallel converter unit

15 data delivery FIFO-unit (write FIFO)

16 clock bufler/divider

17 write signal re-driver bufler

18 serial write data transmuitting/driving circuit

WR_S_ even even serial write data stream

WR_S_ odd odd serial write data stream

CLK__ref(hr) (SYNC)

synchronized half rate reference clock signal

CLK_ ref(1/8) octal rate reference clock signal

WR_P parallel write data-/command and address signal
WR_P OUT parallel write output terminal

WR_S_OUT serial write data output terminal

RD_P parallel read data

RD_P_IN parallel read data imput terminal

22 read FIFO unit

P/S 23 parallel-to-serial converter unit

RD_S serial read data

RD_S_IN serial read data mput terminal

20 main read signal path

21 transparent read data re-driver/transmuitter path
FIR 24 de-emphasize FIR-unit

25 2:1 serializer

26 first switching circuit

27 serial read data transmitter driver

RD_S serial read data

RD_S_OUT serial read data output terminal

CTRLI first control signal

CTRL2 second control signal

28 transparent read data re-driver/transmitting circuit
29 CLK__ML clock signal multiplying circuit

CLK_ ref(2hr) double half rate reference clock signal

SYNC 32 bit synchronization unit

BAL 33 even-odd bit alignment unit

34 drift compensation FIFO-unit

35 second switching circuit

117 drift compensation FIFO-unit

118 2:1 serializer
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WR_S_RES

WR_ P RES

119
ON/OFF

16

-continued

List of reference signs

first switching circuit

re-synchronized serial write data-/command and
address signal stream

re-synchronized parallel write data-/command and
address signal stream

de-emphasizes FIR-unit

on/off switching signal

What 1s claimed 1s:

1. A high-speed interface circuit implemented 1n a semi-
conductor memory chip including a memory core, the high-
speed 1nterface circuit comprising;

a first interface circuit section connectable to a write

data-/command and address bus and including:
a serial iput terminal to receive a serial stream of write
data-/command and address signals from a serial
output terminal of a corresponding first interface
circuit section of a preceding same memory chip or
from a serial output terminal of a memory controller,
the serial input terminal further being connected to:
a write data-/command and address re-driver/-trans-
mitter path arranged to re-drive the sernial stream
of write data-/command and address signals to a
serial output terminal of the write data-/command
and address re-driver/-transmitter path and con-
nectable to a serial input terminal of a correspond-
ing first interface circuit of a next same memory
chip; and

a main write signal path arranged between the serial
input terminal and a parallel output terminal and
including serial-to-parallel conversion and syn-
chronization means for serial-to-parallel convert-
ing and synchromizing with a reference clock
signal the write data-/command and address sig-
nals recetved at the serial mput terminal and
delivering the serial-to-parallel converted and syn-
chronized write data-/command and address sig-
nals to the parallel output terminal of the first
interface circuit section and from the parallel
output terminal of the first interface circuit to the
memory core; and

a second interface circuit section connectable to a read

data bus and including:

a parallel read data input terminal connected to the
memory core to receive parallel read data from the

memory core;

a serial read data input terminal connected to receive a
serial read data stream from a serial read data output
terminal of a corresponding second interface circuit
section of a preceding same memory chip and
arranged to re-drive the received serial read data
stream through a read data re-driver/recerver path to
a serial read data output terminal of the second
interface circuit section; and

a main read signal path connected between the parallel
read data input terminal and the serial read data
output terminal of the second interface circuit section
and having means for mserting the parallel-to-serial
converted read data read from the memory core and
received at a parallel input terminal of the main read

signal path into the senial read data stream from the
serial read data mput terminal, synchronizing the

serial read data stream with a reference clock signal
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and providing the senialized read data stream to the
serial read data output terminal connectable with the
read data bus to a serial read data input terminal of
a corresponding second interface circuit section of a
next same memory chip or to a serial read data input
terminal of the memory controller;

wherein the first and second interface circuit sections
further 1include a reference clock receiving terminal to
receive the reference clock signal.

2. The high-speed memory interface circuit of claim 1,
wherein the write data-/command and address signal re-
driver/transmitter path of the first interface circuit section
includes a transparent write signal re-driving/transmitting
section without a clock signal synchronizing circuitry.

3. The high-speed memory interface circuit of claim 1,
wherein the read data re-driver/transmitter path of the sec-
ond nterface circuit section includes a transparent read
signal re-driving transmitting section without a clock signal
synchronizing circuitry.

4. The high-speed interface circuit of claim 1, wherein the
write data-/command and address signal re-driver/transmit-
ter path of the first interface circuit section includes syn-
chronized write signal re-driving/transmitting and synchro-
nization means for synchronizing the re-driven write data-/
command and address signals with the reference clock
signal.

5. The high-speed interface circuit of claim 1, wherein the
read data re-driver/transmitter path of the second interface
circuit section includes synchronized read signal re-driver/
transmitting and synchronization means for synchromizing
the re-driven read signals with the reference clock signal.

6. The high-speed interface circuit of claim 2, wherein the
write data-/command and address signal re-driver/transmit-
ter path of the first interface circuit section further includes
a first switching device arranged to recerve the serial write
data-/command and address stream before the serial output
terminal of the first intertface circuit section, the first switch-
ing device being controlled by an external control signal
from the memory controller or by a control signal included
in the protocol of the write data-/command and address
signal stream to selectively switch between the transparent
write signal re-driving/transmitting section and the synchro-
nized write signal re-driver/transmitter means.

7. The high-speed interface circuit of claim 3, wherein the
second 1nterface circuit section further includes first switch-
ing device arranged before the serial output terminal of the
second 1interface circuit section, the first switching device
being controlled by a control signal included in the protocol
of the write data-/command and address signal or by an
external signal from the memory controller to selectively
switch between the transparent read signal re-driving trans-
mitting section and the synchromzed read signal re-driver/
transmitting and synchronization means.

8. The high-speed interface circuit of claim 1, wherein the
first interface circuit section includes:

a bit synchronization unit arranged after the serial input
terminal to sample and bit-synchronize the serial
stream ol write data-/command and address signals
according to the reference clock signal;

an even-odd bit alignment unit serially connected atfter the
bit synchronization unit and configured to bufler the
serial write data-/command and address signals syn-
chronized and sampled by the bit synchronization unit
and align the sampled even and odd signals synchro-
nously with the reference clock signal;

a serial-to-parallel converter unit serially connected after
the even-odd bit alignment unit and configured to
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convert the serial write data-/command and address
signals buflered and aligned by the even/odd bit align-

ment unit 1nto a parallel data stream having an arbitrary
data width; and

a data delivery FIFO-unit connected after the serial-to-
parallel converter unit at the parallel output terminal
and configured to deliver the parallel data stream to the
memory core synchronized with an internal clock rate
of the memory core and compensating for diflerent data
skews and drifts.

9. The high-speed interface circuit of claim 8, wherein the
bit synchronization unit, the even-odd alignment unit, the
serial-to-parallel converter unit and the data delivery FIFO
unit are consecutively arranged such that each unit supplies
the reference clock signal synchronized by the bit synchro-
nization unit with the serial write data-/command and
address signal stream to the next consecutive unit together
with each of the supplied write data-/command and address
signals.

10. The high-speed interface circuit of claim 8, wherein
the first interface circuit section further includes:

a drift compensation FIFO-unit serially connected after
the even-odd bit alignment unit and configured to
compensate phase drift of the even-odd bit aligned
serial write data-/command and address signals in
synchronism with the reference clock signal; and

a 2:1-serializer serially arranged aiter the drnift compen-
sation FIFO-unit.

11. The high-speed interface circuit of claim 10, wherein
the bit synchromization umt and the even-odd bit alignment
unit are each respectively arranged to supply the reference
clock signal synchromized by the bit synchronization unit
with the serial write data-/command and address signal
stream to the next consecutive unit together with each of the
supplied write data-/command and address signals.

12. The high-speed interface circuit of claim 10, wherein
a data input of the sernial-to-parallel converter unit 1s con-
nected to an output of the drift compensation FIFO-unait.

13. The lhigh-speed interface circuit of claim 10, wherein
a data mput of the sernial-to-parallel converter unit 1s con-
nected to an output of the even-odd bit alignment unit.

14. The high-speed interface circuit of claim 8, wherein
the first interface circuit section further includes:

a drift compensation FIFO-unit serially connected after
the even-odd bit alignment umt and configured for
compensating phase drift of the even-odd bit aligned
serial write data-/command and address signals 1n
synchronism with the reference clock signal;

a de-emphasis FIR-unit serially connected after the drift
compensation FIFO and configured for channel adap-
tation to compensate for intersymbol mterference; and

a 2:1 serializer serially connected after the de-emphasis
FIR -unit.

15. The high-speed interface circuit of claim 14, wherein
the bit synchronization unit and the even-odd bit alignment
unit are each respectively configured to supply the reference
clock signal synchromized by the bit synchronization unit
with the serial write data-/command and address signal
stream to the next consecutive unit together with each of the
supplied write data-/command and address signals.

16. The high-speed interface circuit of claim 14, wherein
a data mput of the sernial-to-parallel converter unit 1s con-
nected to an output of the drift compensation FIFO-unait.

17. The ligh-speed interface circuit of claim 14, wherein
the de-emphasis FIR-unit and the drift compensation FIFO-
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unit are combined and a data mput of the serial-to-parallel
converter unit 1s connected to an output of the de-emphasis

FIFO-unit.

18. The high-speed interface circuit of claim 8, wherein
the drift compensation FIFO-umt has a depth according to
plural symbol sequences of the serial write data-/command
and address signals.

19. The high-speed interface circuit of claim 8, wherein
the de-emphasis FIR-unit 1s switched on/off by an external
signal from the memory controller.

20. The high-speed interface circuit of claim 1, wherein,
in the main read signal path, the second interface circuit
section includes:

a read FIFO-unit arranged at the parallel read data input
terminal to adapt a data rate of data read from the
memory core to a clock domain of the second interface
circuit section;

a parallel-to-serial converter unit connected after the read
FIFO-unit and configured to achieve parallel-to-serial
conversion of the read data and to convert the clock rate
of the read data to the clock rate of the reference clock;

a de-emphasis FIR-unit serially connected after the par-
allel-to-serial converter circuit and configured to com-
pensate for intersymbol interference; and

a 2:1 senializer serially arranged after the de-emphasis
FIR -unat.

21. The high-speed interface circuit of claim 20, wherein
the de-emphasis FIR-unit 1s switched on/off by an external
signal from the memory controller.

22. The high-speed interface circuit of claim 20, wherein
the de-emphasis FIR-unit 1s configured to receive the refer-
ence clock signal and supply the reference clock signal to the
parallel-to-serial converter unit, and parallel-to-serial con-
verter unit 1s configured to supply the reference clock signal

to the read FIFO-unat.

23. The high-speed interface circuit of claim 20, wherein
the read data re-driver/transmitter path of the second inter-
face circuit section includes:
a transparent read signal re-driving/transmitting device
without any clock signal synchronizing circuitry;

synchronized read data re-driver/transmitting and syn-
chronization means for synchronizing the re-driven
read signals with the reference clock signal; and

a first switching device arranged immediately before the

serial output terminal of the second interface circuit
section, the first switching device being controlled by a
control bit included 1n the protocol of the write data-/
command and address signals or by an external signal
from the memory controller to selectively switch
between the transparent read signal re-driving/trans-
mitting device and the synchromized read data re-
driver/transmitter means;

wherein the synchronized read data re-driver/transmitter

and synchronization means further includes:

a bit synchronization unit serially connected after the
serial read data input terminal configured to sample
and bit-synchronize the serial stream of read data
with the reference clock signal;

an even-odd bit alignment unit serially connected after
the bit synchronization unit and configured to butler
the serial read data signals synchronized and
sampled by the bit synchronization unit and align the
serial read data signals synchronously to the refer-
ence clock signal;

a drift compensation FIFO-unit serially connected after
the even-odd bit alignment unit and configured to
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compensate phase drift of the even-odd bit aligned
read data signals 1n synchronism with the reference
clock signal;

a second switching device inserted between the drift
compensation FIFO-umt, the parallel-to-serial con-
verter unit and the de-emphasis FIR-umit of the main
read signal path and configured to switch between
the synchronized re-driven read data signals and the
parallel-to-serial converted read data signals 1n syn-
chronism with the reference clock signal and to
insert the parallel-to-serial converted read data sig-
nals into the read data signal stream;

the de-emphasis FIR-unit;
the 2:1 serializer of the main read signal path; and
the first switching device.

24. The high-speed interface circuit of claim 23, wherein
the bit synchronization unit and the even-odd bit alignment
unit are each respectively configured to supply the reference
clock signal synchromized by the bit synchronization unit
with the senal read data stream from the serial read data
input terminal to the next consecutive unit together with
cach of the supplied read data signals.

25. The high-speed interface circuit of claim 23, wherein
the drift compensation FIFO-unit and the parallel-to-serial
converter unit are configured to belong to the same clock
domain.

26. The high-speed interface circuit of claim 1, wherein
the clock rate of the reference clock signal 1s selected from
the group consisting of: one half of the clock rate of a
memory system clock, one third of the clock rate of a
memory system clock, one quarter of the clock rate of a
memory system clock, and equal to the clock rate of a
memory system clock.

27. A semiconductor memory chip including a memory
core and a high-speed interface circuit, the high-speed
interface circuit comprising:

a first interface circuit section connectable to a write
data-/command and address bus and including:

a serial input terminal to receive a serial stream of write
data-command and address signals from a serial
output terminal of a corresponding first intertace
circuit section of a preceding same memory chip or
from a serial output terminal of a memory controller,
the serial input terminal further being connected to:

a write data-/command and address re-driver/-trans-
mitter path arranged to re-drive the serial stream
of write data-/command and address signals to a
serial output terminal of the write data-/command
and address re-driver/-transmitter path and con-
nectable to a serial input terminal of a correspond-
ing {irst iterface circuit of a next same memory
chip; and

a main write signal path arranged between the serial
input terminal and a parallel output terminal and
including serial-to-parallel conversion and syn-
chronization means for serial-to-parallel convert-
ing and synchronmizing with a reference clock
signal the write data-/command and address sig-
nals recerved at the serial mput terminal and
delivering the serial-to-parallel converted and syn-
chronized write data-/command and address sig-
nals to the parallel output terminal of the first
interface circuit section and from the parallel
output terminal of the first interface circuit to the
memory core; and
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a second interface circuit section connectable to a read
data bus and including;:

22

wherein the first and second interface circuit sections
further include a reference clock receiving terminal to

a parallel read data input terminal connected to the receive the reference clock signal.

memory core to receive parallel read data from the

read data bus to a serial read data mput terminal of
a corresponding second 1nterface circuit section of a
next same memory chip or to a senal read data input
terminal of the memory controller;

28. The semiconductor memory chip of claim 27, wherein

MEemory core; 5 the memory core comprises a dynamic RAM-memory core.
a serial read data input terminal connected to receive a 29. A semiconductor memory system IHFIUdl{lg a PI_UI' ality
serial read data stream from a serial read data output 01 semiconductor memory chips as recited 1n claim 27,
terminal of a corresponding second interface circuit wherein the Semlf:onductor memory chips are arranged on a
section of a preceding same memory chip and memory module 1n a cascade of different memory ranks and
arranged to re-drive the received serial read data 10 connected by a write data-/command and address bus and a
stream through a read data re-driver/receiver path to read data bus and in a point-to-point fashion to a memory
a serial read data output terminal of the second controller. | | |
interface circnit section: and 30. The memory system of claim 29, wherein the semi-
a main read signal path connected between the parallel conductor memory chips and the write data-/command and
read data input terminal and the serial read data 15 address bus and the read data bus are arranged on the
output terminal of the second interface circuit section mlemorjfz mOdlille anhc}tcoimected to the memory controller in
and having means for inserting the parallel-to-serial O . . .
converted read data read from the memory core and 31. The memory system of Clalm‘29, wherein the semi-
recerved at a parallel input terminal of the main read conductor memory chips and the write data-/command and
. . : . 20 address bus and the read data bus are arranged on the
signal path into the serial read data stream from the .
serial read data input terminal, synchronizing the memory module :and connected to the memory controller 1n
serial read data stream with a reference clock signal . lggpﬁﬁgiiigte?lim of claim 29 wherein the semi
and providing the serialized read data stream to the ' R L
serial read data output terminal connectable with the conductor memory chips and the write data-/command and
¢ 25 address bus and the read data bus are arranged on the

memory module and connected to the memory controller in
a ring architecture.
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